Summary. Nonagouti (KP \m=x\ C57BL)F1 hybrid females were artificially inseminated with a mixture of spermatozoa from males of the KE (nonagouti) and CBA (agouti) strains and the genotype of young was estimated by fur pigmentation. When KE and CBA spermatozoa mixed in the ratios of 1:1, 2:1 and 4:1 were inseminated after ovulation, 87%, 56% and 29% of progeny, respectively, were sired by CBA males, i.e. proportions of CBA progeny were significantly higher than ratios of CBA spermatozoa in the mixture. The surplus of CBA progeny was significantly less in females inseminated before ovulation, which may suggest that more rapid capacitation of CBA spermatozoa is partly responsible for their competitive advantage. In preparations from oviducal flushings of females killed 2\p=n-\3h after insemination, CBA spermatozoa (recognized by their shape) were found in similar proportions as in the inseminated mixture. There was therefore no evidence of their preferential selection at the uterotubal junction.
Introduction
Spermatozoa of males from the inbred mouse strains, KE and CBA, are distinguishable under the microscope by their characteristic shapes, and differ significantly in the percentage of abnormal heads and in efficiency of fertilization (Krzanowska, 1969 (Krzanowska, , 1970 (Krzanowska, , 1981 . While it has been reported that interstrain differences in morphology of normal spermatozoa are due to genes expressed through the germ line (Burgoyne, 1975) , it is not known whether the same applies to differences in fertilizing ability of spermatozoa. To investigate this problem CBA<->KE aggregation chimaeras could be studied. If the genotype of germ cells is the main factor determining their quality, one could expect that the competition between KE and CBA spermatozoa in the ejaculate of chimaeric males would be reflected by the mixtures of spermatozoa from the males of these two strains. Therefore the aim of this preliminary study was to estimate relative fertilizing efficiency of KE and CBA spermatozoa when inseminated in different ratios.
Spermatozoa of the KE.CBA strain (congenie with KE but with the Y chromosome derived from the CBA strain) were also used to find out whether genetic factors linked with the Y chromosome exert any influence on competitive ability of spermatozoa.
Materials and Methods
Adult, oestrous (KP C57BL/Kw)F! hybrid females (genotype: CCaaBb) were Procedure. After killing the male by cervical dislocation, each cauda epididymidis was gently squeezed with forceps and then the contents of the vasa deferentia were expressed into 0-3 ml boiled cows' milk. A small sample diluted with 3% (w/v) NaCl was used to count the number of spermatozoa in a haemocytometer. Sperm suspensions from two males were mixed in the desired numerical ratios and insemination (0-2 ml per female) was performed by the method of Dziuk & Runner (1960) . In the main experiment females were maintained in a room with a dark period extending from 23:00 to 07:00 h and they were inseminated at 11:00 h, i.e. after ovulation. In one experiment females, kept for 3 weeks in a room with a dark period from 14:00 to 02:00 h, were inseminated at 19:00 h, i.e. before ovulation (no oviducal ova were found in 6 females killed at the time of insemination).
To estimate the efficiency of fertilization in natural matings, Fl hybrid females (KP C57BL/Kw) were individually caged overnight with KE, KE.CBA or CBA males and killed 1 day after copulation. Ova flushed from the oviducts were examined. One-cell ova, if present, were fixed in acetic alcohol and stained with toluidine blue (Krzanowska, 1982) (Table  1) . When KE and CBA spermatozoa mixed in the ratios of 1:1, 2:1 and 4:1 were inseminated after ovulation, the percentages of young sired by CBA males were significantly higher than expected from percentages of CBA spermatozoa in the mixture. In the group inseminated before ovulation with a 1:1 sperm ratio, the proportion of young sired by CBA males was also higher than expected but significantly lower than in a corresponding group inseminated after ovulation (test of indepen¬ dence, 2 = 9-46, <001). CBA spermatozoa were therefore much more efficient in competition with KE spermatozoa, especially when inseminated after ovulation. In preparations from the contents of the ampullae all ova were surrounded by dense cumuli. Spermatozoa (1-2) were seen inside 14 out of 62 cumuli and 6 ova were already penetrated. In these preparations it was difficult to identify the shapes of spermatozoa because their heads were usually distorted by the curvature of the ova. Although some were recognized as CBA spermatozoa, their proportions could not be reliably estimated. 
Discussion
Heterospermic insemination with a mixture of spermatozoa from different males is a sensitive method of evaluating their relative fertilizing efficiency; differences between males in their hetero¬ spermic performance remain relatively constant over periods of time and are usually positively correlated with homospermic fertility of respective males (reviewed by Beatty, 1970 ). The present results show that CBA spermatozoa were much more efficient in competition with KE spermatozoa. This could be expected from results of natural mating because CBA males regularly give 100% fertilization, while KE males fertilize 76-100% of ova, depending on the strain of female (Krzanowska, 1970) . KE spermatozoa were also significantly less efficient than spermatozoa of inbred KP and outbred males in heterospermic inseminations (Musialek, 1969) .
Vigorous (KP C57BL/Kw)F! hybrid females, not directly related to KE or CBA strains, were chosen for insemination because of their good maternal performance and nonagouti genotype. They appeared to be suitable for studying competition between KE and CBA spermatozoa in the mixtures, although these females gave only slightly lower percentages of fertilization in natural matings with KE males than with CBA males (Table 2) .
As discussed by Buehr & McLaren (1984) there are a number of possible ways in which one sperm type might prove more successful than another in producing young, e.g. more efficient sperm transport in the female tract, more rapid sperm capacitation or differential survival of embryos. In the present experiments there was no evidence of preferential selection of CBA spermatozoa in their transport to the oviduct. On the contrary, KE spermatozoa seem to be more efficient: when insemi¬ nated they contained a high proportion of abnormal forms, the majority of which are prevented from passing the uterotubal junction (Krzanowska, 1974 ) and yet normal KE spermatozoa appeared in the oviducts in proportions similar to those of CBA spermatozoa (for a 1:1 sperm ratio). In females killed 2-3 h after insemination penetration of ova was just beginning and thus fertilizing spermatozoa had to be recruited from those found in the oviduct at that time. Because it was not possible to calculate the proportions of CBA and KE spermatozoa in proximity to the eggs, it cannot be excluded that a higher efficiency in traversing the cumulus could be responsible for the higher fertilization rate of CBA spermatozoa.
On the other hand, the results of inseminations performed, before and after ovulation seem to suggest that KE spermatozoa require a longer time for capacitation. Their competitive dis¬ advantage was significantly reduced in the group inseminated 1 h before the midpoint of the dark period, i.e. 4-7 h before the expected ovulation (calculated after Braden, 1957) , when they had several hours left for successful capacitation. However, it is also possible that the capacitation rate of KE spermatozoa could be in some way affected by the postovulatory conditions of the oviduct. It is known that the time of insemination may influence relative fertilizing efficiency of spermatozoa of different genotypes (e.g. Braden, 1958; Buehr& McLaren, 1984) .
When looking for the possible mechanisms underlying differential fertilizing ability of KE and CBA spermatozoa, one should also consider the difference in the number of supplementary spermatozoa in the peri vitelline space. As shown earlier (Krzanowska, 1970) (Krzanowska, 1969) . The present results show that the introduction of the Y chromosome from the CBA to the KE strain resulted in an improved competitive ability of the spermatozoa in this strain, so that they had equal chances of fertilization as CBA spermatozoa when mixed in a 1:1 ratio. This suggests that genetic factors linked with the Y chromosome may influence functional competence of spermatozoa. This work was supported by the Polish Academy of Sciences within the project MR II-9.
